Ovarian endometrioid carcinomas (OEC) of low grade have characteristic morphologic features, but high-grade tumors can mimic high-grade serous and undifferentiated carcinomas. We reviewed tumors initially diagnosed as OEC to determine whether a combination of pathologic and immunohistochemical features can improve histologic subclassification. Tumors initially diagnosed as OEC were reviewed using World Health Organization criteria. We also noted the presence of associated confirmatory endometrioid features (CEFs): (i) squamous metaplasia; (ii) endometriosis; (iii) adenofibromatous background; and (iv) borderline endometrioid or mixed Mullerian component. A tissue microarray was constructed from 27 representative tumors with CEF and 14 without CEF, and sections were stained for WT-1, p16, and p53. Of 109 tumors initially diagnosed as OEC, 76 (70%) tumors were classified as OEC. The median patient age was 55 years, and 75% of patients were younger than 60 years. Ninety-two percent presented with disease confined to the pelvis, and 87% of tumors were unilateral. The median tumor size was 11.8 cm. Only 3% of tumors were high grade (grade 3of 3). Eighty percent of cases had at least 1 CEF, and 59% had at least 2 CEFs. Eleven percent overexpressed p16, 0% overexpressed p53, and 3% expressed WT-1. Only 10% of patients died of disease at last follow-up. Thirtythree (33) tumors, or 30% of tumors originally classified as endometrioid, were reclassified as serous carcinoma (OSC). The median patient age was 54.5 years, and 59% of patients were younger than 60 years of age. Only 27% had disease confined to the pelvis at presentation, 52% of tumors were unilateral, and the median tumor size was 8 cm. Associated squamous differentiation, endometrioid adenofibroma, and endometrioid or mixed Mullerian borderline tumor (CEFs) were not present in any case, but 6% of patients had endometriosis. Approximately one half of the reclassified OSC demonstrated SET-pattern morphology (combinations of glandular, cribriform, solid, and transitional cell-like architecture) and were immunophenotypically indistinguishable from OSCs with papillary architecture. Sixty percent of OSC overexpressed p16, 50% overexpressed p53, and 82% expressed WT-1. At last follow-up, 52% had died of disease. Compared with OSC, OEC patients more frequently presented below 60 years of age (P = 0.046), had low-stage tumors (P < 0.001), were more frequently unilateral (P < 0.001), more frequently had synchronous endometrial endometrioid carcinomas (P < 0.001); and had no evidence of disease at last follow-up (P < 0.001). Their tumors were of lower grade (P < 0.001), had more CEFs (P < 0.001), and less frequently overexpressed p16 and p53 (P = 0.003 and P < 0.001, respectively) and less frequently expressed WT-1 (P < 0.001). This analysis emphasizes the diagnostic value of CEFs, the presence of a low-grade gland-forming endometrioid component, and WT-1 negativity, as valid, clinically relevant criteria for a diagnosis of OEC. Glandular and/or cribriform architecture alone may be seen in both OECs and OSCs and are therefore not informative of diagnosis. Further study is needed to elaborate the characteristics of the exceedingly rare high-grade OEC.
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Using modern diagnostic criteria we reevaluated a large series of unselected ovarian carcinomas classified as endometrioid to determine the prevalence of high-grade endometrioid carcinoma and misclassification as highgrade endometrioid carcinoma. To do so, we synthesized a variety of morphologic, immunohistochemical, mutational, and clinical data. On the basis of this, we make recommendations about the application of morphologic and immunohistochemical features that should allow reproducible and clinically meaningful diagnosis and classification of ovarian carcinomas.
MATERIALS AND METHODS

Case Selection and Review
The study was approved by the institutional review board of Memorial Sloan Kettering Cancer Center. Institutional databases were queried for cases with a diagnosis of OEC, treated between 1998 and 2010 with available slides in the department archives. The cases included both in-house surgical resections for which both glass slides and blocks were available and consultation cases that included only glass slides.
All available hematoxylin and eosin-stained slides (median 10 slides per case, range 1 to 36) were reviewed independently by up to 4 gynecologic pathologists who were blinded to the initial diagnoses and histologic reports, imunohistochemical findings, and clinical outcomes. Sections of fallopian tube were examined if present, but none of the cases were submitted for "sectioning and extensively examining the fimbriated end" (SEE-FIM).
The 2014 World Health Organization histologic criteria, briefly outlined here, were largely used in tumor classification. 6 We also paid particular attention to the presence of morphologic features commonly associated with OEC ( Fig. 1 ). These CEFs were: (i) squamous metaplasia-presence of keratinization, intercellular bridges, or solid growth of cells with abundant dense eosinophilic cytoplasm and distinct cellular borders, present either at the stromal interface or as morules separating adjacent glands ( Fig. 1 ); (ii) endometriosis-presence of endometrial-type glands and/or stroma, often associated with evidence of hemorrhage; (iii) adenofibromatous background-presence of tubular and cystic endometrialtype glands surrounded by prominent fibrous stroma; and (iv) borderline endometrioid or mixed Mullerian component-this may exhibit 2 growth patterns, either adenofibomatous or intracystic, and is composed of glandular proliferation similar to that observed in atypical hyperplasia of the endometrium. 6 Tumors lacking CEFs were still classified as endometrioid if the tumor contained components that were histologically identical to the tubules of low-grade endometrioid carcinoma of endometrium ( Fig. 1 ) (ie, the tubules are lined by stratified tall columnar cells with eosinophilic cytoplasm). 9 Tumors that were classified as "nonendometrioid" were further studied to specify tumor type and determine the prevalence of SET-pattern high-grade serous carcinoma (OSC-SET), 8 a known mimic of high-grade endometrioid and transitional cell carcinomas. OSC-SETs are characterized by 1 or more of the following architectural patterns: solid, cribriform (pseudoendometrioid), or transitional cell carcinoma-like. 8 One pathologist (R.A.S.) examined all available slides from the nonendometrioid carcinomas and subclassified them further as follows: OSC-SET (Figs. 2-5); high-grade papillary (conventional) serous carcinoma (OSC-P); and other/unclassified. OSC-SETs are cytologically high-grade tumors that form glands and cribriform structures, with or without solid architecture, with or without blunt papillae reminiscent of transitional cell carcinoma. Many tumors have high numbers of tumor-infiltrating lymphocytes, but these were not required for diagnosis as OSC-SET in this study. Importantly, the presence of any CEF other than endometriosis was considered exclusionary, as was the presence of any component that resembled the tubules of low-grade endometrioid adenocarcinoma.
Tumors were graded using the International Federation of Gynecology and Obstetrics (FIGO) grading system, 6 identical to the grading system used for endometrioid carcinomas of the uterine corpus. Tumors were also assigned a Shimizu-Silverberg grade, which makes use of tumor architecture, nuclear grade, and mitotic index. 10 Clinical and follow-up information was obtained from the patients' electronic medical records. Available paraffin-embedded blocks from tumors resected at Memorial Sloan Kettering Cancer Center were used for the construction of a tissue microarray (TMA). Representative tumor areas were annotated by a gynecologic pathologist, and three 0.6 mm cores from different areas of each tumor were sampled for the TMA (Manual Tissue Arrayer MTA-1; Beecher Instruments, Sun Prairie, WI). Immunohistochemical studies were preformed on sections from the TMA using commercially available antibodies for WT-1 (clone C-19; Santa Cruz Biotechnology Inc., Dallas, TX), p16 (INK4A; Ventana Medical Systems Inc., Tucson, AZ), and p53 (clone DO-7, Ventana Medical Systems Inc.). WT-1 was considered positive if there was diffuse reactivity throughout the tumor. p16 was considered positive if >50% of the tumor was immunoreactive without intervening single or aggregated cells lacking staining. Aberrant p53 expression was defined as nuclear positivity in >50% of tumor cells or complete absence of staining in the presence of a positive internal control.
Statistical Analysis
Statistical analysis was performed using PASW SPSS 18.0 software (IBM Corporation, Armonk, NY). Fisher exact or w 2 tests were used to test associations of histologic type with nominal and ordinal covariates, and nonparametric tests were used for comparison of medians for continuous covariates. All statistical tests were 2-tailed, and a P-value of <0.05 was considered statistically significant.
RESULTS
Hematoxylin and eosin slides were available for 118 patients, whose tumors were diagnosed over a 12-year period spanning 1998 to 2010. Nine cases were excluded from analysis; of these, 6 were associated with a concurrent uterine endometrioid tumor, and it was unclear whether the ovarian tumors represented metastatic or synchronous disease; 1 was reclassified as an endometrioid borderline tumor; and 2 were poorly differentiated tumors that were not classifiable.
Endometrioid Carcinomas
Seventy-six (76) tumors were classified as OEC (Figs. 1, 6, 7), representing 70% of tumors originally diagnosed as endometrioid. The median patient age was 55.0 years, with a range of 25 to 81 years; 75% of patients were younger than 60 years of age. Sixty-seven of 73 staged patients (92%) presented with disease confined to the pelvis (53 stage I and 14 stage II), whereas only 6 patients had extrapelvic disease at presentation (5 stage III and 1 stage IV). Three patients were unstaged. Eightyseven percent of tumors were unilateral. The median tumor size was 11.8 cm, with a range of 0.4 to 30 cm. Microscopically, 54 (71%) were FIGO grade 1, 18 (24%) were grade 2, and 4 (5%) were grade 3. Using the Shimizu-Silverberg system, 64 (84%) were grade 1, 9 (12%) were grade 2, and 2 (3%) were grade 3. Therefore, between 84% and 97% of OECs are "low-grade," with the higher value grouping together grade 1 and grade 2 tumors. The median mitotic index was 1 per 10 highpower fields, with a range of 1 to 24. Squamous differentiation was present in 50 cases (76%), endometriosis in 37 cases (49%), endometrioid or mixed Mullerian borderline tumor in 32 cases (42%), endometrioid adenofibroma in 16 cases (21%), and a synchronous endometrial endometrioid carcinoma in 28 cases (37%) ( Table 1) . Eighty percent of cases had at least 1 CEF, and 59% had at least 2 CEFs ( Table 2 ). All cases contained histologically low-grade gland-forming endometrioid components. For a diagnosis of OEC, the presence of any CEF yielded sensitivity, specificity, positive predictive values, and negative predictive values of 80%, 94%, 97%, and 67%, respectively, whereas the presence of >1 CEF yielded values of 59%, 100%, 100%, and 59%, respectively (Table 3) .
Immunohistochemistry was attempted in 31 tumors with available material. Three of 31 cases (11%) overexpressed p16, 0 of 30 cases (0%) overexpressed p53, and 1 of 30 cases (3%) expressed WT-1 ( Table 1) . After a median follow-up period of 65 months (range, 6 to 180 mo), 59 patients (86%) had no evidence of disease, 3 (4%) were alive with disease, and 7 (10%) had died of disease (Table 1 ).
High-grade Endometrioid Carcinomas
Only 2 of 76 endometrioid carcinomas (Figs. 8, 9) , details of which are presented in Table 4 , were classified as Shimizu-Silverberg grade 3 or high-grade.
Nonendometrioid Carcinomas
Thirty-three (33) tumors were classified as nonendometrioid carcinoma, representing 30% of tumors originally diagnosed as endometrioid. The median patient age was 54.5 years, with a range of 37 to 80 years; 59% of patients were younger than 60 years of age. Just 9 staged patients (27%) presented with disease confined to the pelvis (6 stage I and 3 stage II), whereas 24 patients (73%) had extrapelvic disease at presentation (20 stage III and 4 stage IV). Fifty-two percent of tumors were unilateral, and 48% were bilateral. The median tumor size was 8 cm, with a range of 3.5 to 18.5 cm (Table 1) .
Microscopically, none (0%) was FIGO grade 1, 8 (24%) were grade 2, and 25 (76%) were grade 3. Using the Shimizu-Silverberg system, 3 (10%) were grade 1, 6 (21%) were grade 2, and 20 (69%) were grade 3. The median mitotic index was 7.5 per 10 high-power fields, with a range of 1 to 96. Squamous differentiation, endometrioid adenofibroma, and endometrioid or mixed Mullerian borderline tumor were not present in any case; 2 patients (6%) had endometriosis. Six of 10 cases (60%) overexpressed p16, 5 of 10 cases (50%) overexpressed p53, and 9 of 11 cases (82%) expressed WT-1 (Table 1) .
After a median follow-up duration of 80 months (range, 18 to 158 mo), 12 patients (38%) had no evidence of disease, 3 (10%) were alive with disease, and 16 (52%) had died of disease.
Nonendometrioid Subsets
One pathologist (R.A.S.) examined all available slides from 21 nonendometrioid carcinomas, which were subclassified further as follows: OSC-P (n = 8); OSC-SET (n = 11) (Figs. 2-5) and other/unclassified (n = 2) ( Table 5 ). There were no statistically significant clinical or immunohistochemical differences between OSC-P and OSC-SET, although there were twice as many patients under 60 years of age in the OSC-SET group and more than twice as many OSC-SET patients with bilateral tumors than patients with OSC-P. However, the numbers in these subgroups were small ( Table 5 ).
Comparison of Endometrioid and Serous Carcinomas Originally Diagnosed as Endometrioid Carcinomas
Compared with OSC patients, OEC patients more frequently presented under age 60 (P = 0.046), had lowstage tumors (P < 0.001), were more frequently unilateral (P < 0.001), more frequently had synchronous endometrial endometrioid carcinomas (P < 0.001), and had no evidence of disease at last follow-up (P < 0.001). Their tumors were of lower grade (P < 0.001), had more CEFs (P < 0.001), and less frequently overexpressed p16 and p53 (P = 0.003 and P < 0.001, respectively) ( Figs. 10-12 ) and less frequently expressed WT-1 (P < 0.001) ( Figs. 13-15 ) ( Table 1 ). Because of the small numbers of high-grade OECs in the cohort (Table 5) , it was not meaningful to statistically compare them with OSCs.
DISCUSSION
Our criteria identified 2 distinct groups of patients, 30% of whose tumors were reclassified as OSC despite originally being diagnosed as OEC; immunophenotyping validated this morphology-based classification. Approximately one half of OSCs exhibited a SET pattern, 8 a newly described pattern that has historically been considered to represent high-grade endometrioid or transitional cell carcinoma. Clinicopathologic and immunohistochemical comparison with papillary serous carcinomas confirms that these are serous carcinoma variants, not highgrade endometrioid carcinomas. 8 Patients with OSC-SET showed a trend toward younger ages and more frequent bilaterality of their tumors than those with OSC-P. 7 In this analysis, we emphasize the diagnostic value of CEFs and the presence of a low-grade gland-forming endometrioid component as central to a diagnosis of OEC. Glandular and/or cribriform architecture alone is not a valid criterion, as these architectural features were found in nearly every case examined. However, 80% of OECs have at least 1 CEF, compared with 23% of OSCs (which represented only 2 patients, both of whom had endometriosis). For a diagnosis of OEC, the presence of any CEF yields high sensitivity, specificity, and positive predictive values and modest negative predictive values, whereas the presence of >1 CEF yields perfect specificity and positive predictive values but only modest sensitivity and negative predictive values.
Immunohistochemical markers may serve as useful adjuncts to the classification of ovarian carcinomas. 11, 12 The immunoprofile of OEC is broadly similar to its uterine counterparts and is characterized by frequent immunoreactivity for estrogen receptor and progesterone receptor and absent or focal positivity for WT-1 and p16 as well as "wild-type" p53 expression. 6 Low-grade tumors, particularly those with squamous morules can also exhibit nuclear b-catenin expression. [13] [14] [15] [16] [17] In contrast, although estrogen and progesterone receptors are also commonly expressed in OSC, the majority demonstrates diffuse WT-1 and p16 positivity as well as aberrant p53 expression. [18] [19] [20] [21] In a study of ovarian carcinomas by Gilks et al, 22 50 cases originally diagnosed as OEC were reclassified as OSC using morphologic criteria. These tumors were predominantly high-grade (16 grade 2 tumors and 33 grade 3 tumors), and 68% of these tumors were WT-1 positive, a result comparable to that observed in their cohort of OSC (78%) but significantly different from OEC (4%). Although studies have shown that WT-1-positive OECs tend to be high grade, immunoreactivity in low-grade tumors has been reported in the literature.
Madore et al 23 identified WT-1 positivity in 31% (10/32) of grade 1 and grade 2 tumors. In our cohort, only rare OECs overexpressed p16, 1 was WT-1 positive and none overexpressed p53, confirming our morphologic classification scheme with immunopositivity rates that are in line with most previously published values.
Given these data, one can make the following generalizations about OEC: they typically present as large, unilateral, low-grade ovarian tumors, confined to the pelvis, with excellent clinical outcomes. This information, particularly the size and laterality information, can be used as adjuncts for differential diagnosis, not only to separate OECs and OSCs, but also to distinguish primary OECs from metastatic endometrioid carcinomas. Only 2% of tumors studied were high-grade OEC. Therefore a diagnosis of high-grade OEC should be approached with caution, particularly when SET patterns are present and CEFs are lacking. Gene expression studies have revealed that some high-grade OECs demonstrate expression profiles similar to that of high-grade OSC. 14, 24 In a study of 29 OECs (10 grade 1, 11 grade 2, and 8 grade 3), Geyer et al 14 observed p53 overexpression in 6 grade 3 tumors categorized as OECs with the majority lacking molecular alterations characteristic of lower-grade tumors, such as bcatenin and KRAS mutations. This difference in biology between low-grade and high-grade OECs is also reflected in their clinical behavior; high-grade tumors tend to be associated with significantly poorer clinical outcomes than low-grade tumors. 14 These findings have led some inves-tigators to hypothesize that OEC may arise through a dual pathogenic pathway or that some "high-grade OEC" may in fact represent misclassified high-grade OSC, 14,23 a conclusion that our data support. It has been shown that the distinction of high-grade OECs from OSC is often associated with significant interobserver disagreement. 25, 26 However, there is immunohistochemical and molecular evidence to support the existence of a true high-grade OEC. 14, 23 Madore et al 23 identified 2 high-grade, highstage, WT-1-negative OECs with concurrent b-catenin and TP53 aberrations. One of the tumors was spontaneously immortalized in cell culture and gave rise to an aggressive endometrioid carcinoma cell line. Nevertheless, the true incidence of high-grade OEC is likely to be substantially lower than that reported in earlier literature. 4, 27 Unfortunately, we did not have genotype data on any of the cases in our cohort, but it is clear from our findings and the literature that further research on high-grade OECs is required.
The distinction between high-grade OEC and OSC can have important consequences. For example, incorrectly classifying a high-grade OSC as OEC might deprive the patient of the opportunity to be tested for germline BRCA1/BRCA2 mutations, which may have several downstream repercussions, including (i) affecting the choice of adjuvant chemotherapeutic agents such as PARP inhibitors 28, 29 ; (ii) prognostic assessment; and (iii) appropriate screening and surveillance of other family members. Accurate diagnosis is also important for the correct assignment of patients to appropriate clinical trials.
Of the 30% of tumors in this cohort that were reclassified as OSCs, approximately 50% were OSC-SETs. It is understandable that these tumors, specifically, were originally classified as high-grade OECs because of the frequent combinations of glandular, cribriform, and solid growth patterns. The OSC-Ps had combinations of papillary and glandular architecture with high nuclear grade, making it difficult to understand why these tumors had been classified as endometrioid; perhaps the long timeframe over which the cases were originally diagnosed (1998 to 2010) and subsequent refinements in diagnostic criteria are factors that contributed to their initial classification as OEC. Clinical and immunohistochemical data reported herein support that OSC-SETs are unequivocally OSCs, not OECs. Immunohistochemistry can be used as a diagnostic adjunct when a diagnosis of highgrade OEC is under consideration, with WT-1 being the most robust discriminator; all tested OSC-SETs were WT-1 positive, as compared with only 3% of OECs.
Several recent papers have reported that SET-pattern tumors belong to the family of OSC. The most recent literature on the topic reports that OSC-SETs constitute a variant of OSC with association with BRCA1 mutation or promoter methylation, 7,8 presentation at younger age, better prognosis, and infrequent association with serous tubal intraepithelial carcinoma. 7 Although these tumors represented approximately 50% of OSCs in this cohort that was enriched for tumors with an endometrioid appearance, this almost definitely overestimates the prevalence of OSC-SET among unselected OSCs.
This study's strengths include a large number of relatively rare tumors with good clinical annotation and follow-up, as well as sufficient numbers of reclassified OSCs that revealed heterogeneity within this category. However, there were insufficient numbers of bona fide high-grade OECs for statistical comparison with tumors reclassified as OSC. Many cases were consultation cases lacking tissue blocks, which limited the number of cases studied with immunohistochemistry.
CONCLUSIONS
This analysis emphasizes the diagnostic value of CEFs, the presence of a low-grade gland-forming endometrioid component, and WT-1 negativity, as valid, reproducible, and clinically relevant criteria for a diagnosis of OEC. Glandular and/or cribriform architecture alone may be seen in both OECs and OSCs and are therefore not informative of diagnosis. Further study is needed to elaborate the characteristics of the exceedingly rare highgrade endometrioid carcinomas of the ovary.
